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Abstract

Introduction and objective. Cardiovascular diseases are the leading cause of death in Europe and worldwide. One of the
most important risk factors for atherosclerosis are lipid metabolism disorders, in particular hipercholesterolaemia. The aim
of the study was to determine the correlation between gut microbiota composition and atherosclerosis risk factors, so in
order that it might be used as a biomarker for coronary artery disease diagnosis.
Material and method. The study involved middle-aged men in eastern Poland with central obesity (n=20), subjects with
atherosclerosis (n=15) and those with no cardiovascular diseases (n=5). The gut microbiota composition was determined
using tag-encoded 16S rRNA gene using Illuminal MiSeq. Data were analyzed with the use of t-test.
Results. Firmicutes (49.26%) and Bacteroidetes (44.46%) were the dominant Phyla in the middle-aged men in eastern Poland.
Subjects with improper levels of total cholesterol were enriched in Prevotella (p=0.03) and decreased level of Clostridium
(p=0.02). They also showed a falling tendency in Faecalibacterium (p=0.07). An upward trend was observed in Prevotella
(p=0.07) in subjects with improper LDL-C values.
Conclusions. The study showed that intestinal microbiome is likely to play a role in the pathogenesis of atherosclerosis
through its role in lipid metabolism. Bacterial genera of particular importance were Prevotella, Bacteroides, Clostridium,
Faecalibacterium. However, further studies involving larger groups of subjects are required to confirm these observations.
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INTRODUCTION
The Lublin province is a low-industrial region in eastern
Poland where more than 50% of the population lives in the
countryside [1]. Cardiovascular diseases remain the dominant
cause of death in the region, with mortality rates still higher
for the rural population. According to data from 2013, in
Lublin province, ischemic heart disease was the second
most common cardiovascular disease after hypertension
[2]. Improper metabolic processes, which play contributory
role in the development of certain cardiovascular disorders,
are of a complex nature, and atherosclerosis results from
the coexistence of a number of different risk factors. Lipid
metabolism disorders, especially hypercholesterolaemia, are
of critical importance in the development of atherosclerosis
and cardiovascular disease (CVD). The first study to provide
considerable evidence of a link between elevated lipid levels
and coronary artery disease (CAD) was the Framingham
Heart Study [3]. The International INTERHEART study
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resulted in selecting 9 independent risk factors for CAD,
namely abnormal lipids, arterial hypertension, central obesity,
diabetes, smoking, psychosocial factors, fruit and vegetable
deficiency, alcohol abuse and low physical activity [4]. Most
of them are classified as so-called modifiable risk factors
among which dyslipidaemia occurs most often. However, all
the data proved to be insufficient and CVD pathogenesis has
yet to be thoroughly studied. Thus, researchers worldwide
focus on finding new mechanisms that would enable more
effective diagnostic and treatment methods.
In cardiology, the role of microorganisms has been well
documented among patients undergoing surgical procedures,
such as pacemaker implantation, artificial heart valves
replacement or self-expanding occluders closing defects in
the heart [5]. The development of molecular biology methods,
such as next-generation sequencing (NGS), has resulted in
the improvement of knowledge on human microbiome
diversity. The use of NGS in clinical practice may allow
for more accurate, faster and cost-effective identification of
microorganisms [6]. Examining the gut microbiome marks a
new approach aimed at finding new agents affecting the onset
of lipid metabolism disorders. The microbiome is referred to
as a “virtual endocrine organ”[7], due to the role it plays in
the synthesis of short-chain fatty acids (SCFA), amino acids,
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vitamins and metabolites, affecting also the processes taking
place outside the digestive tract. The interaction between the
digestive tract microbes and the host is one of the factors
which, to a great extent, determine the patient’s condition
[8, 9]. The analyses carried out so far show that changes in
gut microbiota composition account for many metabolic
disorders, including obesity [10–12], inflammatory bowel
diseases [13, 14], rheumatoid arthritis [15, 16] or type 2
diabetes [17, 18]. The World Microbiome Project provided
information on how race, place of residence, and diet affect
gut microbiota composition [19]. Studies carried out in recent
years contributed to the discovery of the correlation between
changes in the gut microbiota composition and CVD.
Microbes could play important role in bile acid conversion
and in food amines transformation into a proatherogenic
component called trimethylamine-N-oxide (TMAO) [20–22].
The next stage of the research carried out globally focused
on determining tight associations between the microbiota
composition of a given population and metabolic disorders.
Much effort is also being made to assess how possible it is to
modify microbiome composition so as to promote beneficial
microbiome members with a view to developing prevention
and therapeutic strategies [8].
OBJECTIVES
The eastern region of Poland marks the border of European
Union and is the region where different multicultural
traditions concerning dietary habits and lifestyles meet.
The authors of this study are the first to conduct research
in the region on the gut microbiota composition in a group
of obese middle-aged men living in this low-industrial
region, with the aim of finding a correlation between the
gut microbiome and atherosclerosis risk factors. The results
were compared with those obtained in other regions of
the world in order to identify and determine stable and
universal correlations between the microbiota composition
and its contributory role in developing CVD. The study
showed that the composition of the gut microbiota may
differ, depending on lipid parameters. Subjects with improper
levels of total cholesterol were enriched in genus Prevotella
whereas participants with proper levels of total cholesterol
were enriched in Clostridium.
MATERIALS AND METHOD
The study was conducted between 16.02.2015 – 05.05.2015 in
the Division of Cardiology with the Cardiac Intensive Care
Unit of the Cardinal Stefan Wyszyński Hospital in Lublin. The
study was approved by the Bioethics Committee registered at
the Lublin Medical Association, and all procedures performed
in the study were in accordance with the Helsinki Declaration
and its later amendments. The study group comprised 20
participants, all of whom received written information about
the study and were additionally orally informed about its
methods and aims. All subjects gave written consent to
participate in the study and granted access to their medical
records. Before the investigation, each subject completed
a form concerning present and past diseases, medication,
including antibiotics and probiotics, dietary habits, allergies,
physical activity and taking stimulants. Taking antibiotics or

probiotics 2 months prior to the study excluded the patients
from the test. Each participant had their weight, height, waist
and hips measured according to the same anthropometric
criteria. The same rules were also applied to the methods of
collecting samples.
The study involved middle-aged (45–65) men living in
Lublin region. The study group involved subjects with CAD
(n=15) and those with no cardiovascular problems (n=5).
There were 8 participants who lived in the countryside and
12 subjects who lived in the city. All the participants suffered
from central obesity which is considered to give rise to many
cardiovascular diseases, metabolic disorders (including lipid
metabolism) or diabetes. Diagnostic criteria for overweight/
obesity were based on the guidelines indicated by the World
Health Organisation (WHO) and International Diabetes
Federation (IDF) [23, 24]. Studies published so far have
proved that the gut microbiome of obese subjects differs
from that of the healthy ones [10, 11]. Hence, the presented
study group comprised only subjects meeting the abovementioned criteria for overweight and obesity.
In Poland, overweight and obesity is a common problem.
According to the NATPOL 2011 research programme, the
problem of overweight concerns 6.5 million people, and
obesity was recognized in 25% of men, which is 5% more than
10 years ago. The widespread occurrence of lipid metabolism
disorders has also become a matter of concern in Poland.
It has been reported that 61.1% of Poles aged 18–79 have
hypercholesterolaemia. Improper levels of total cholesterol
(TC) and low-density lipoprotein cholesterol (LDL-C) affects
mainly the middle-aged population, which results in high
risk of atherosclerosis and its morbid consequences in this
age group [25]. Due to the total cardiovascular risk, the
study subjects were divided into 2 groups – those with target
parameters of lipid metabolism and those with disorders
within particular cholesterol fractions. Lipid profile was
assessed according to European guidelines [26]. In the
treatment of dyslipidemia it is absolutely essential to reduce
LDL-C concentration to target values, i.e. <1.8 mmol/L
(70mg/dl), <2.6 mmol/l (100mg/dl) and <3.0 mmol/l
(115 mg/dl) in patients with very high, high or low to
moderate CV risk, respectively. Analyses was performed for
the following parameters: TC, LDL-C and triglycerides (TG).
Sample collection. Faecal samples were collected from
participants who had previously received oral information
about the methods of collecting samples for microbiological
tests. Samples accepted for testing, either walnut size or
5 ml in the case of loose stool, were placed into aseptic
containers coded according to the test protocol. Immediately
after being collected, the samples were placed in adequately
coded Eppendorf tubes and stored at the temperature of
-80 0C in the hospital laboratory until transported to the
Medgenetix Laboratory in Warsaw. The Eppendorf tubes
were kept in polypropylen containers (Profilab s.c.), specially
designed for deep freezing. Previous studies [11, 27] point to
several reasons why faeces prove to be the adequate material
to analyse microbiome composition, namely, a non-invasive
method of collection, contents rich in microbes, and the
fact that the gut microbiome represents differences between
individuals. During transport, the material was placed in
dry ice.
Blood samples were collected by qualified medical staff
in the morning hours from subjects who had not yet had
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their breakfast. The samples were analyzed for morphology,
transaminases, C-reactive protein (CRP), TC, LDL-C, TG
and high density lipoprotein (HDL) cholesterol. Subjects
with CAD had their blood taken during hospitalization in the
Division of Cardiology with the Cardiac Intensive Care Unit
at the Cardinal Stefan Wyszyński Hospital in Lublin, and
from those with no prior history of heart diseases were taken
in the hospital laboratory. The parameters of lipid metabolism
were measured by means of the Cobas Integra Cobas C
System (Roche Diagnostics Ltd., Switzerland). LDL-C was
calculated according to the equation of Friedewald et al. [28].
DNA extraction and quantification / Library preparation
and sequencing. DNA was extracted from 180–220 mg
stool samples with the QIAamp DNA Stool Mini Kit
(Qiagen, Hilden, Germany), according to the manufacturer
protocol. The concentration and purity of total DNA isolates
in the samples were measured spectrophotometrically at
wavelengths of A260 and A280, using a NanoDrop machine
(Thermo Scientific, DE, USA). Furthermore, the quantity and
quality of DNA was evaluated using a Qubit Fluorometer
(Invitrogen, Life Technologies, Grand Island, NY, USA)
and agarose gel electrophoresis, respectively. The final DNA
concentration was standardized before amplification.
The faecal microbiota composition was determined using
tag-encoded 16S rRNA gene amplicon MiSeq-based high
throughput sequencing (Illumina, San Diego (CA), USA).
Primers targeting V3-V4 hipervariable region of 16S rRNA
contained additional adapters compatible with Nextera Index
Kit (Illumina, CA, USA). The primers sequences were as
follows: NXt_388_F: 5’- TCG TCG GCA GCG TCA GAT
GTG TAT AAG AGA CAG ACW CCT ACG GGW GGC
AGC AG -3’ and NXt_518_R: 5’- GTC TCG TGG GCT CGG
AGA TGT GTA TAA GAG ACA GAT TAC CGC GGC TGC
TGG -3’.
PCR reactions containing 12.5 μl 2x KAPA HiFi HotStart
ReadyMix kit (KAPA BIOSYSTEMS, USA), 5μl of each primer
(1 μM), 2.5 μl of genomic DNA (~5 ng/ul), and nucleasefree water to a total volume of 25 µl were run on a C1000Touch thermal cycler (BioRad, CA, USA). Cycling conditions
applied were: Denaturation at 95 °C for 3 min; 25 cycles of
95 °C for 30 s, 55 °C for 30 s and 72 °C for 30 s; followed by
final elongation at 72 °C for 5 min. To incorporate primers
with adapters and indexes, PCR reactions contained 25 μl 2x
KAPA HiFi HotStart ReadyMix kit (KAPA BIOSYSTEMS,
USA), 5 μl corresponding P5 and P7 primer (Nextera Index
Kit), 5μl PCR product and nuclease-free water for a total
volume of 50 μl. Cycling conditions applied were: 95 °C for
3 min; 8 cycles of 95 °C for 30 s, 55 °C for 30 s and 72 °C for
30 s; elongation at 72 °C for 5 min. The amplified fragments
with adapters and tags were purified using AMPure XP beads
(Beckman Coulter Genomic, CA, USA). Prior to library
pooling, clean constructs were quantified using a Qubit
fluorometer (Invitrogen, Carlsbad, CA, USA) and mixed
in equimolar concentrations to ensure even representation
of reads per sample followed 250 bp pair-ended MiSeq
(Illumina, CA, USA) sequencing performed according to
the instructions of the manufacturer.
Sequencing data / Diversity and statistical analysis. The
raw dataset containing pair-ended reads with corresponding
quality scores was merged using PEAR software [29],
and trimmed with quality lower than 30 and converted

to fasta format using FASTX-Toolkit [30]. The header of
each read was relabeled with an index number followed
by a sample ID. Purging the dataset from chimeric reads
and constructing de novo Operational Taxonomic Units
(OTU) with a minimum identity of 97% were conducted
using the UPARSE pipeline [31]. Taxonomy was assigned to
representative OTU sequences using uclust [32] implemented
in the assign_taxonomy script from Quantitative Insights
into Microbial Ecology (QIIME) [33] software package (1.8.0)
with 90% of identity. The Greengenes (13.8) 16S rRNA gene
collection was used as a reference database [34].
A phylogenetic tree was created by performing PyNAST
[33] sequence alignment against GreenGenes database.
Alpha and beta diversity were calculated with the use of
core diversity workflow. The number of sequences was set
to 85% of the sequence number within the most indigent
sample (18,000 reads/sample). Differences in alpha diversity
were determined using non-parametric t-test with the default
number of permutations (999). Unweighted and weighted
UniFrac distance matrices were calculated for principal
coordinates analysis (PcoA). Diversity analysis was performed
by python scripts implemented in QIIME software.
Samples were pooled into 2 bins (proper/improper) for 3
groups of clinical data (TC, LDL-C and TG). Each group was
analyzed separately. Statistical differences between proper/
improper means were evaluated by unpaired, two-tailed t-test
or permutation t-test (10,000 permutations) by R package [35].
Data were previously checked for normality by Shapiro-Wilk
test. Boxplots were performed by R package.
RESULTS
The data obtained from metagenomic analysis were divided
into 2 groups defining proper and improper concentration
of LDL-C, TC and TG according to European guidelines.
Bioinformatics analysis was performed which resulted in
1,199,163 reads. With Greengenes database, it was found
that the majority (99.81%) of aligned reads were bacterial.
Archea accounted for 0.02% of reads and 0.17% reads were
marked unassigned. For systematic categories Kingdom,
Phylum and Class, we were able to align 100% reads to
suitable bacterial taxa. With Order and Family categories,
the alignment reached the value of 99.99% (99.3–100%) and
95.85% (89.09–99.93%), respectively, whereas Genus had
the total of 75.68% (50.87–94.76%). Phylum, Family and
Genus were analyzed in terms of differences in microbiome
composition. Within Phylum level the reads enabled the
identification of 12 microbial phyla (Fig. 1).
Intestinal microbiota was found to be dominated by
Firmicutes, Bacteroidetes, Proteobacteria and Actinobacteria
which represent >99% of total reads, with the first two
constituting 49.26% and 44.46% of the reads. Within the
Phylum level, no significant differences were observed in
cholesterol metabolism.
Within the Family level, the reads enabled identification
of 45 microbial families. The Family level was dominated
by Bacteroidaceae 25.29%, Ruminococcaceae 20.95%,
Prevotellaceae 12.58%, Lachnospiraceae 12.57%,
Veilonellaceae 11.37% and Enterobacteriaceae 2.93% (Fig. 2).
Analysis of the Genus level revealed the presence of 67
genera. Microbial abundance in Genus level is presented
in Figure 3. Component analysis revealed changes within
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Figure 1. Phylum abundance box plot.
Results indicate the dominance of the phyla Firmicutes and Bacteroidetes. Reads
not classified to any taxonomy marked as Unassigned

microbiota composition according to lipid parameters
(Fig. 4). Genus Prevotella was enriched in patients with
improper LDL-C level vs. those with proper level (18.20% vs.
4.15%, t = -1.89; p=0.07), whereas Bacteroides levels appeared
lower (21.65% vs. 30.75%, t=1.39; p=0.18) Fig. 5.
More statistical differences were observed in the analysis of
TC concentration. Patients with improper TC levels showed
higher values of Prevotella (24.61% vs 7.42%, t = -2.24; p=0.03)
and lower values of Bacteroides (17.03% vs 28.83%, t=1.73;
p=0.1), compared with patients meeting the criteria for
proper TC concentration (Fig. 6). Participants characterized
with proper TC levels demonstrated a significantly increased
level of genus Clostridium (t=2.47; p=0.02) (Fig. 7). It was
also observed that genus Faecalibacterium showed a falling
tendency in patients with improper TC level. In proper TC
level subjects, genus Faecalibacterium represented 10.80%
of aligned reads, whereas in improper TC level patients it
accounted for only 5.84% (t=1.91; p=0.07) of reads (Fig. 8)
TG analysis did not reveal any statistically significant
differences between genus Prevotella and Bacteroides in
both proper and improper TG levels (Prevotella t=0.12;
p=0.89, Bacteroides(t=-0.64; p=0.52). Genus Dialister was
detected more often in participants with improper levels of
TG (t=-1.78; p=0.07). In the current study, as in previously
published reports [36], a higher Bacteroides level was
accompanied by an increased level of Parabacteroides, while
increase in Prevotella was accompanied by a higher level of
Desulfovibrio.
DISCUSSION

Figure 2. Family abundance variation box plot for the 30 most abundant families
as determined by read abundance.
Families are coloured according to their respective Phylum. Reads not classified
to any taxonomy marked Unassigned. Unclassified families under a higher rank
marked by asterisks. Results in square brackets represent those suggested by the
Greengenes database

Figure 3. Genus abundance box plot. Genus abundance variation box plot for the
30 most abundant genera as determined by read abundance.
Genera are coloured according to their respective Phylum. Reads classified to any
taxonomy marked as unassigned. Unclassified genera under a higher rank marked
by asterisks (Family) or double asterisk (Order). Results in square brackets represent
those suggested by the Greengenes database

The presented study indicates that a higher abundance of
Prevotella co-occurs with TC and LDL-C level disorders,
and these are cholesterol fractions most responsible for CVD
[37, 38]. On the basis of studies published in recent years,
carried out both on human and animal models, it can be
concluded that microbes can contribute to the development of
atherosclerosis via food amines metabolism and the process
of bile acids transformation. The amines, which include
choline, phosphatidylcholine and L-carnitine, are converted
to trimethylamine (TMA) which, through oxidation processes
with hepatic flavin monooxygenases, is further converted
to trimethylamine-N-oxide (TMAO) – regarded as a
proatherogenic agent [21, 39, 40]. TMAO is reported to inhibit
reverse cholesterol transport (RCT) and stimulate cholesterol
accumulation in macrophages. Activated macrophages
including LDL, referred to as foam cells, become decomposed
due to accumulating excess cholesterol, which consequently
leads to atherosclerosis plaque formation. Tang et al. reported
that during 3 years observation, patients with elevated TMAO
appeared to be more exposed to long-term risk of major
adverse cardiovascular events [41]. The authors pointed out
that elevated L-carnitine level can be associated with CVD
only when accompanied by higher TMAO level. Not all
microbes show the same ability to synthesize TMAO, which
may be a decisive factor in the assessment of microbiome
contribution in CVD pathogenesis. To-date, it has been stated
that Prevotella are more efficient at producing TMAO than
Bacteroides [21].
The current study indicates that patients with improper
TC levels tend to have significantly higher Prevotella values
than those with proper TC levels (p=0.03). The tendency
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Figure 4. Alterations in Genus abundance depending on the parameters of lipid metabolism. TC – total cholesterol; LDL-C – low-density lipoprotein cholesterol;
TG – triglycerides. Proper level – subjects meeting the criteria for proper lipid metabolism; Improper level – subjects not meeting criteria for proper lipid metabolism

Figure 5. Proper and improper levels of subjects meeting and not meeting the criteria for proper lipid metabolism
in LDL-C. The results show a tendency towards increased Prevotella values in subjects with improper LDL-C
results (t = -1.89; p=0.07)

Figure 6. Proper and improper levels of subjects meeting and not meeting the criteria for proper lipid metabolism
in TC. The results show significantly higher values of Prevotella in subjects with improper TC values (t = -2.24; p=0.03)

Figure 7. Genus Clostridium abundance. Proper
level – subjects meeting the criteria for proper lipid
metabolism in TC. Improper level – subjects not
meeting criteria for proper lipid metabolism in TC.
Results show a significantly increased abundance in
Clostridium values in subjects with proper TC results
(t=2.47; p=0.02)

Figure 8. Genus Faecalibacterium abundance. Proper
level – subjects meeting the criteria for proper
lipid metabolism in TC. Improper level – subjects
not meeting criteria for proper lipid metabolism
in TC. Results show tendency towards decreasing
Faecalibacterium values in subjects with improper TC
results (t=1.91; p=0.07)
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to higher abundance of Prevotella was also observed in
patients with improper levels of LDL-C fraction (p=0.07).
Analysis of the findings for the current study, also showed
a significantly higher abundance of genus Clostridium in
subjects with proper TC values (p=0.02). Karlsson et al. [20]
demonstrated that genus Clostridium correlate negatively
with hs-CRP values, which is a generally recognized marker
of an inflammatory condition in CVD. From the clinical
point of view, LDL-C and TC are cholesterol fractions which
are most highly related to the development of atherosclerosis.
Many studies point to the fact that decrease in LDL-C levels
reduces the risk of CVD, which is absolutely essential in
terms of its prevention [42]. In the presented study, genus
Faecalibacterium showed a falling tendency in participants
with improper TC levels (p=0.07). Genus Faecalibacterium
is represented by Faecalibacterium prausnitzii which is one
of the most abundant butyrate-producing bacterium in the
gastrointestinal tract. Butyric acid is an important source of
energy for intestinal epithelium cells and the intestinal effects
of its activities include the improvement of inflammation,
oxidative status, epithelial defence barrier regulation, and the
modulation of visceral sensitivity and intestinal motility [43].
Moreover, the global effect of butyrate is to downregulate the
expression of 9 key genes involved in intestinal cholesterol
biosynthesis, potentially inhibiting this pathway [44].
The results obtained in the current study confirm those
reported by Dethlefsen et al. [45] who presented microbiome
as a community of microbes dominated by the representatives
of several dominant taxa, and accompanied by a number
of less abundant taxa (“long tail effect”) (Figs. 1–3). The
sequencing methods led to a fairly detailed recognition of
intestinal microbiome composition at Phylum level. The
current results indicate that gut microbiota is considerably
dominated by phyla Firmicutes and Bacteroidetes, which is
in agreement with previously published data [20, 36, 46, 47].
The authors share the opinion presented by Arumugam et al.
[36] that there is a growing worldwide consensus concerning
gut microbiome composition at Phylum level. Qin et al.
proved that 40% of microbe genes of an individual can also
be found in half of the overall population, and thus the term
“core microbiome” was coined [48]. Previous and current
research by the authors of the presented study confirm that
in order to discover the role of microbiota in sustaining
systemic homeostasis, analyse of the microbiome at a lower
level of taxonomic categories should be undertaken. The
way microbes affect our condition does not result only from
their quantity; it is also important how they relate to one
another and how the products of their metabolism affect
our condition.
It should be emphasized that the role of microbiota in
pathological processes results from the products of microbe
metabolism. The authors hope that the observations
they have made so far may, to some extent, contribute to
improving the diagnostic methods for atherosclerosis. This
particularly concerns people with CVD risk factors but with
no clinical manifestations of the disease. In patients with
CAD treated with hypolipemizing therapy with statins,
which did not achieve the desired therapeutic results, it is
worthwhile considering the proatherogenic composition
of gut microbiota as a possible cause of the problem.
Contemporary modern methods of scientific investigation,
including DNA sequencing, gave rise to incredible progress
in microbiology and provided access to knowledge previously

unattainable. The problems faced now by researchers involve
determining the correlation between molecular study results
and the clinical condition of the patients. To-date, it has
been suggested that gut microbiota plays a significant role
in maintaining systemic homeostasis due to its function in
nutrition, metabolism and immunological processes [49].
The authors believe that there is a need to conduct further
studies involving larger groups to confirm the presented
observations. Hence, it is advisable to follow the suggestions
by Vinje et al. and apply Koch’s postulates to decide whether
the gut microbiota compositional modifications result from
or in cardiometabolic disorders [50].
CONCLUSIONS
The results obtained in this study indicate that intestinal
microbiome is likely to play a role in the pathogenesis of
atherosclerosis through the role it plays in lipid metabolism.
Special attention is paid to the bacterial genera Prevotella,
Bacteroides, Clostridium, Faecalibacterium which present
characteristic changes in patients with lipid disorders.
Hence, there is a need for further studies to establish
how pharmacological and dietary intervention affects gut
microbiota, to determine whether there is a possibility to
regulate the microbiome composition in CVD therapy.
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